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Abstract
 Objective—Socioeconomic disadvantage may contribute to poor health through immune-
related biological mechanisms. We examined the associations between socioeconomic status, as 
measured by annual household income, and T-cell markers of aging, including the ratios of CD4 
and CD8 effector cells to naïve cells (E:N ratio) and the CD4:CD8 T-cell ratio. We hypothesized 
that participants with a lower income would have higher E:N ratios and lower CD4:CD8 ratios 
compared to participants with a higher income, and that these associations would be partially 
mediated by elevated cytomegalovirus (CMV) IgG antibody levels, a virus implicated in aging and 
clonal expansion of T-cells.
 Methods—Data were from 79 individuals who participated in the population-based Detroit 
Neighborhood Health Study. We used linear regression to quantify the association between a 
$10,000 decrease in income and each ratio outcome.
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 Results—Adjusting for age, sex, race, smoking, medication use, and lifetime history of mental 
health conditions, lower income was associated with a 0.41 (95% CI: 0.09, 0.72) log-unit increase 
in the CD4 E:N ratio and a 0.20 (95% CI: 0.02, 0.39) log-unit increase in the CD8 E:N ratio. CMV 
IgG antibody level partially mediated these associations.
 Conclusions—Our study suggests that low socioeconomic status is associated with 
immunological aging as measured by the E:N ratio and that impaired immune control of CMV 
may partially mediate these associations.
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 Introduction
Addressing persistent socioeconomic disparities in health continues to be a national priority.
(1–4) Numerous conceptual models demonstrating how social disadvantage influences 
biology have highlighted the immune system as a fundamental pathway linking 
socioeconomic status and health.(5–7) At the same time, advances in immunology have 
identified key processes involved in immune system aging – otherwise known as 
immunosenescence – that could help explain why some individuals have worse health 
outcomes as they age than others and why some individuals respond more poorly to vaccines 
and other interventions that target the immune system. As individuals age, they experience a 
change in the cellular composition of the T-cell compartment, which in its most extreme 
form is characterized by an inversion of the CD4+:CD8+ T-cell ratio, a decrease in naïve T-
cells, and an accumulation of memory T-cells, especially late-stage differentiated CD8+ T-
cells.(8–11) The latter at least partly consists of anergic T-cells which show evidence of 
dysfunctionality,(12) suggesting that their accumulation may be a compensatory mechanism 
to maintain essential T-cell memory to pathogens. Several lines of evidence suggest that the 
maintenance of an adequate level of functional T-cell memory to persistent infections is 
crucial for individual survival, at least at advanced age.(13, 14) Differences in immune 
phenotypes between younger and older people are therefore likely to reflect their life-long 
history of exposures(8) as well as their capacity for mounting adequate responses to 
challenge.(15) The importance of these immune measures to survival of elderly people is 
illustrated in the longitudinal studies establishing the “immune risk profile” predicting 2-, 4- 
and 6-year mortality.(10, 14, 16) To date, limited population-based research has examined 
these salient biomarkers of immunosenescence that may provide key information about the 
role of the immune system in the etiology of social health disparities.
The majority of population-based research studies that have examined the impact of 
socioeconomic status on biological pathways have focused on biomarkers of the 
cardiovascular system and metabolic processes.(17, 18) For this reason, prior studies of the 
association between socioeconomic status and the immune system are largely limited to 
biomarkers implicated in general inflammatory processes of the immune system, such as 
CRP and IL-6.(19–24) Some studies have also assessed antibodies to specific herpesviruses 
as surrogate markers of alterations in cell-mediated immunity.(25, 26) More recently, 
emerging research on telomeres has provided molecular information on cellular aging of 
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cells in relation to exposure to stressors, including socioeconomic disadvantage.(27, 28) 
While these biomarkers have provided fundamental insights on general immune processes 
and molecular aging, none have provided specific information on the integrity of the 
immune system, which is possible to assess using immunological techniques that measure 
the distribution of cellular phenotypes of the T-cell compartment.
Socioeconomic status has also been associated with an increased risk for specific infections 
that have been posited to be key drivers of immunosenescence. In particular, exposure to 
highly prevalent cytomegalovirus (CMV)—a herpesvirus that, once acquired, persists as a 
latent infection—is thought to be a primary contributor to age-related declines in T-cell 
mediated immunity. Indeed, a growing body of evidence suggests that, as individuals age, 
clonal expansion of CMV-specific memory T-cells triggered in response to repeated 
subclinical CMV reactivation gradually depletes the reservoir of naïve T-cells, resulting in 
reduced ability to mount an effective immune response to novel pathogens and vaccinations.
(14, 29–33) Moreover, prolonged periods of exposure to psychosocial stress have been 
shown to induce reactivation of CMV.(34) Given that persons of low socioeconomic status 
experience more psychosocial stressors over the life course(35) and are also more likely to 
be seropositive for CMV(26) than persons exposed to less socioeconomic disadvantage, it is 
plausible that CMV partially mediates the association between socioeconomic status and 
alterations in immune cell phenotypes considered characteristic of aging.
To the best of our knowledge, no community-based studies have specifically examined the 
association between socioeconomic status and the distribution of T-cell phenotypes in 
middle-aged adults, nor whether these associations are mediated by immune response to 
CMV. In the present study, we address this critical gap in the literature using data from a 
subset of individuals drawn from a population-based sample of adults (median age 45) who 
participated in the Detroit Neighborhood Health Study. Specifically, we examined the 
associations between annual household income level—a marker of socioeconomic status, 
CMV IgG antibody level, and the distribution of T-cell phenotypes as measured by the 
effector to naïve (E:N) T-cell ratio in both the CD4+ and CD8+ T-cell subsets and the 
CD4+:CD8+ T-cell ratio. We hypothesized that participants with a lower annual household 
income level would have higher E:N ratios and a lower CD4+:CD8+ ratio compared to 
participants with a higher annual household income level, and that these associations would 
be partially mediated by impaired immune control of CMV as reflected by higher circulating 
immunoglobulin G (IgG) antibody levels.
 Materials and Methods
 Study Population
Data were derived from the Detroit Neighborhood Health Study (DNHS) (2008–2013), a 
population-based longitudinal study of 2081 adults aged 18 or older living in Detroit. DNHS 
participants were selected through a two-stage area probability sample of households within 
Detroit city limits. One adult was selected from each household to participate in a 40 minute 
survey that included questions on participants’ sociodemographics, neighborhood 
characteristics, physical and mental health, social support, exposure to stressful events, and 
substance use behaviors. The survey instruments included reliable scales that have been 
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validated or used in comparable research in the past, and the survey was pilot tested before 
each study wave.(36–38) Surveys were conducted via computer-assisted telephone 
interviewing (CATI). Wave 1 (2008–2009) survey participants (N=1547), from which the 
study sample were drawn, were representative of the Detroit population in terms of age, sex, 
race, income level, and educational attainment.(39) More detailed information on sampling 
frame, recruitment procedures, and sample characteristics have been published previously.
(40)
All Wave 1 respondents were also given the opportunity to provide a venous blood 
specimen, of which 501 (32.4%) participants agreed to provide a sample. Participants were 
asked to fast for eight hours prior to the blood draw. Serum samples were processed within 
two hours and stored at −80 C°. Compared to the overall sample, individuals who consented 
to the venipuncture collection were more likely to have lower annual household income level 
(47.5% versus 63.5%, p<0.001) and education (42.9% versus 48.3%, p =0.0466) levels. Of 
the 501 individuals who provided a venipuncture sample, 484 (96.6%) were previously 
tested for CMV and HSV-1 IgG antibody levels, a subset of which were purposively 
sampled to be tested for markers of immune aging (N=100, 20.7%), with the goal of creating 
a sample balanced on educational levels and age. Of these individuals, 79 (79%) reported 
information on annual household income level and were included in the final analysis. The 
DNHS was approved by the institutional review boards at the University of Michigan and 
the University of North Carolina at Chapel Hill.
 Assessment of socioeconomic status
Socioeconomic status was assessed in the telephone survey and measured as self-reported 
pre-tax annual household income from all sources. For this analysis, we derived a 
continuous measure for household income level with income coded as the midpoint of the 
reported income brackets; $10,000 was used for individuals who reported a household 
income level below $10,000 and $75,000 was used for top-coded incomes over $75,000. For 
the purpose of descriptive analyses, household income level was dichotomized with a cut-
point at the upper tertile (≥ $35,000/year).
 Quantification of CMV IgG antibody level
Frozen serum samples were shipped on dry ice to the Stanley Neurovirology Laboratory of 
the Johns Hopkins University School of Medicine in Baltimore, Maryland to be tested for 
the presence and quantity of serum IgG antibodies to CMV via solid phase enzyme-linked 
immunosorbent assays (ELISAs), as described previously (41). Briefly, diluted aliquots of 
serum were reacted with antigen bound to a solid-phase surface. Quantitation of virus-
specific IgG was determined by reaction of bound antibodies with enzyme labeled anti-
human IgG and enzyme substrate; optical densities were read by spectrophotometric 
instrumentation. For each sample, the antibody levels were expressed as the ratio of the 
optical density of a test sample to that of a standard sample assayed in each test run. 
Individuals were categorized as seropositive for CMV if their OD ratio value was ≥1.0.
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 Ascertainment of T-cell phenotypes
T-cell subsets from frozen peripheral blood mononuclear cell (PBMC) samples were 
analyzed using 10-color flow cytometry methods described previously (42) by the Tübingen 
Ageing and Tumor Immunology Group at the University of Tübingen, Germany. All staining 
steps were performed in PFEA buffer (PBS, 2% FCS, 2 mM EDTA and 0.01% Azide). 
Cryopreserved PBMC were thawed and treated with human immunoglobulin, GAMUNEX 
and ethidium monoazide (EMA) for 10 minutes on ice to block Fc receptors on the cells and 
label non-viable cells. Cells were then stained with a primary anti-KLRG-1 antibody (kindly 
provided by Prof. HP Pircher, Freiburg, Germany) for 20 min at 4°C followed by staining 
with Pacific-Orange-conjugated goat-anti-mouse secondary antibody for another 20 min on 
ice. Mouse serum was added for 15 minutes to block non-specific binding to anti-mouse 
secondary antibody, followed by addition of directly-conjugated monoclonal antibodies 
(mAb), CD3-AlexaFluor 700, CD4-PerCP, CD8-APC-Cy7, CD27-APC, CD28-PE, 
CD45RA-Pacific Blue, CCR7-PE-Cy7 and CD57-FITC (purchased from Becton-Dickinson, 
Heidelberg, Germany). After 20 minutes incubation on ice in the dark, cells were washed 
twice and measured immediately on a BD-LSR-II flow cytometer using FACSDiva software. 
The spectral overlap between all channels was calculated automatically by the BD 
FACSDiva software, after measuring negative and single-color controls. DNHS samples 
were compared to PBMCs from the same healthy donor included in each separate sample 
run as a standard to detect any technical bias in measurement. Flow cytometry data were 
analyzed using FlowJo software (Tree Star, Portland, OR) and T-cell subsets were 
characterized by surface expression as described previously (43). T-cell data consisted of 
percentages of T-cells (CD3+) out of total lymphocytes characterized as CD4 T-cells 
(CD3+CD4+CD8−) or CD8 T-cells (CD3+CD8+CD4−). CD4 and CD8 T-cells were further 
analyzed based on surface expression of markers to determine the percentage of naïve T-
cells (N, CCR7+CD45RA+CD27+CD28+) and the percentage of end-stage non-proliferative 
effector cells (E, CCR7−CD45RA+CD27−CD28−, also known as TEMRA) (44). These data 
were used to generate three outcomes for the analysis: (1) differentiated effector/naïve (E:N; 
CCR7−CD45RA+CD27−CD28−/CCR7+CD45RA+CD27+CD28+) among CD4 T-cells, (2) 
E:N ratio among CD8 T-cells, and (3) CD4:CD8 ratio. The three T-cell outcomes were 
treated as continuous variables and natural log-transformed to approximate a normal 
distribution.
 Assessment of covariates
Covariates hypothesized to be potential confounders of the association between annual 
household income level and markers of immune aging included age, sex, race/ethnicity, 
smoking status, use of medications that may affect immune function, and lifetime history of 
mental health conditions. These factors have been shown to predict other measures of 
immune status and are also correlated with annual household income level. Age in years was 
centered about the median and analyzed as a continuous variable. Race was categorized as 
black and non-black. Smoking status was defined based on lifetime cigarette use (ever or 
never). Medications were assessed at the blood draw, at which time clinicians recorded the 
name, dosage, and frequency of all prescription and over-the-counter medications taken by 
the participant in the past month. Medications were classified based on the Centers for 
Disease Control and Prevention (CDC) Ambulatory Care Drug Database System(45) into 
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treatment categories that could be correlated with immune function (i.e., antimicrobial 
agents, cardiovascular-renal drugs, central nervous system medications, metabolic and 
nutrient agents, hormones and agents affecting hormonal mechanisms, immunologic agents, 
oncolytics, and drugs used for relief of pain). For analytical purposes, medication usage was 
dichotomized as currently taking any medication that may affect immune function or not. 
Lifetime history of mental health conditions was coded as a dichotomous variable and 
included generalized anxiety disorder, major depressive disorder, and post-traumatic stress 
disorder. Assessment and validation of these conditions in the DNHS has been described 
previously.(38)
 Statistical analysis
All statistical analyses were carried out using SAS version 9.3 (SAS Institute, Inc., Cary, 
NC). Descriptive statistics were used to describe the overall sociodemographic and clinical 
characteristics of the study populations. Counts and proportions were used to assess the 
distribution of categorical variables and medians with interquartile ranges (IQR) were used 
for continuous variables. Using ordinary least-squares (OLS) linear regression, we also 
assessed the age-adjusted associations between each sociodemographic and clinical 
characteristic and the three T-cell outcome measures.
Next, we used OLS linear regression to estimate the associations between annual household 
income level and the T-cell outcome measures. These models were first adjusted for age, sex 
and race, and then additionally adjusted for smoking status and medication use. To assess 
whether the associations between annual household income level and the T-cell outcomes 
were mediated by CMV IgG antibody level, we decomposed the total effect estimates into 
direct effects (i.e. effects of income level on the T-cell outcomes not mediated through CMV 
IgG antibody level) and indirect effects (i.e. effects of income level on the T-cell outcomes 
mediated through CMV IgG antibody level). The direct effects were estimated by adding 
CMV IgG antibody level as an adjustment factor in the OLS regression models. To estimate 
the indirect effect, we used the INDIRECT macro(46) in SAS to implement the 
bootstrapping procedures described by Preacher and Hayes.(47) Briefly, 95% bootstrap 
confidence intervals (CI) were obtained using 5000 bootstrap samples with replacement and 
were shifted and scaled to correct for bias, producing bias-corrected and accelerated 
confidence intervals.(48, 49) For all analyses, estimates with a P value <0.05 were 
considered statistically significant.
Some have argued that seronegative individuals should be excluded from analyses of stress-
related reactivation of herpesvirus antibody titers to ensure that any observed associations 
cannot be attributed to underlying differences in seropositivity.(50) While individuals with 
CMV OD ratio values of <1.0 are typically considered seronegative, the use of this cut-off 
level has been arbitrarily defined. We therefore chose to retain individuals with CMV IgG 
levels below this level (N=18, 23%) in the present study. We did, however, conduct 
sensitivity analyses excluding individuals with CMV OD ratio values <1.0 to assess the 
impact of including these individuals on our findings. Furthermore, to provide insight into 
the factors underlying the observed associations and to inform future meta analyses, we 
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examined the Spearman’s rank correlation coefficients comparing each component of the T-
cell outcomes and CMV with each other, as well as with each study covariate.
 Results
The overall sociodemographic and clinical characteristics of the 79 study participants are 
shown in Table 1. Participants were a median of 45 years of age (IQR: 35-56), 50 (63%) 
were female, and 69 (80%) were black. Approximately half (N=38, 48%) of the participants 
had attained at most a high school education and 57 (72%) reported an annual household 
income level of less than $35,000. The majority (N=61, 77%) of participants were CMV 
seropositive and the median CMV IgG antibody level was 3.6 OD ratio units (IQR: 1.3–6.6).
Table 2 shows the age-adjusted associations between participant demographic and clinical 
characteristics and the three T-cell outcomes. Older age, lower annual household income 
level, CMV seropositivity, and elevated CMV IgG antibody level were associated with a 
more immunosenescent phenotype as measured by both the CD4 E:N ratio and the CD8 E:N 
ratio. For every 10 years increase in age, individuals had a 0.51 (95% CI: 0.08, 0.93) unit 
increase in log CD4 E:N ratio and a 0.53 (95% CI: 0.29, 0.77) unit increase in log CD8 E:N 
ratio. A $10,000 decrease in annual household income level was associated with a 0.37 (95% 
CI: 0.08, 0.66) unit increase in log CD4 E:N ratio and a 0.15 (95% CI: −0.02, 0.32) unit 
increase in log CD8 E:N ratio. Compared to CMV seronegative individuals, CMV 
seropositive individuals had a 3.80 (95% CI: 2.46, 5.14) unit increase in log CD4 E:N ratio 
and each unit increase in CMV IgG antibody level was associated with a 0.49 (95% CI: 0.31, 
0.67) unit increase log CD4 E:N ratio. CMV seropositive individuals also had a 1.15 (95% 
CI: 0.28, 2.02) unit increase in log CD8 E:N ratio compared to seronegative individuals and 
each unit increase in CMV IgG antibody level was associated with a 0.18 (95% CI: 0.07, 
0.29) unit increase in log CD8 E:N ratio. Females had a more favorable CD8 E:N ratio (β: 
−0.91, 95% CI: −1.69, −0.13) compared to males, but no other significant differences 
between the sexes was observed. No other demographic or clinical variables were 
significantly associated with CD4 or CD8 E:N ratios and no significant associations were 
found between any of the study variables and the CD4:CD8 ratio.
The associations between annual household income level and the T-cell outcomes adjusted 
for covariates are shown in Figure 1. Adjusting only for demographic covariates (age, sex, 
and race), each $10,000 decrease in annual household income level was associated with a 
0.35 (95% CI: 0.05, 0.64) unit increase in log CD4 E:N ratio and a 0.16 (95% CI: −0.01, 
0.32) unit increase in log CD8 E:N ratio. The associations were slightly stronger after 
additional adjustment for smoking status, medication use, and lifetime history of mental 
health conditions (β: 0.41, 95% CI: 0.09, 0.72 for log CD4 E:N ratio and β: 0.20, 95% CI: 
0.02, 0.39 for log CD8 E:N ratio). Lower income level was also associated with a marginal 
decrease in the log CD4:CD8, but the associations were not statistically significant (Figure 
1).
Figure 2 shows the results of the mediation analysis, which suggests that the association 
between annual household income level and the E:N ratio in the CD4 and CD8 T-cell 
subsets was significantly mediated by CMV IgG antibody level. Compared to the total 
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effect, the direct effect of each $10,000 decrease in income level on the log CD4 E:N ratio 
not mediated through CMV IgG antibody level was attenuated and no longer statistically 
significant (β: 0.19, 95% CI: −0.09, 0.47) (Figure 2a). Moreover, the indirect effect of each 
$10,000 decrease in annual household income level on log CD4 E:N ratio mediated through 
CMV IgG antibody level was statistically significant (β: 0.22, 95% CI: 0.08, 0.39) (Figure 
2a). The direct effect of each $10,000 decrease in income level on log CD8 E:N ratio not 
mediated through CMV IgG antibody level was also attenuated compared to the total effect 
and no longer statistically significant (β: 0.11, 95% CI: −0.07, 0.29) (Figure 2b). Although 
statistically significant, the indirect effect of annual household income level on log CD8 E:N 
ratio mediated through CMV IgG antibody level accounted for a smaller portion of the total 
effect compared to the direct effect (β: 0.09, 95% CI: 0.02, 0.21) (Figure 2b). Consistent 
with the total effect estimates, neither the direct nor the indirect effects were significant for 
the CD4:CD8 ratio (Figure 2c).
Tables S1 and S2 show the results of the sensitivity analyses. The results of the primary 
analysis excluding CMV seronegative individuals are shown in Table S1. Although the 
estimates were in the same direction as in the primary analysis, they were attenuated and no 
longer statistically significant. The Spearman’s rank correlation coefficients comparing each 
component of the T-cell outcomes and CMV with each other, as well as with each study 
covariate, are shown in Table S2.
 Discussion
In the present study, we assessed the distribution of T-cell phenotypes associated with aging 
by socioeconomic status as measured by annual household income level and determined 
whether socioeconomic differentials in these markers of immune aging were mediated by 
CMV IgG antibody levels. We found that lower income level was significantly associated 
with an increased ratio of end-stage non-proliferative effector T-cells to naïve T-cells in both 
the CD4 and CD8 T-cell subsets. Indeed, an additional $10,000 decrease in income level was 
roughly associated with the same increase in CD4 E:N ratio as we observed for an eight year 
increase in chronological age and with the same increase in CD8 E:N ratio as we observed 
for a four year increase in chronological age. Moreover, our results indicated that these 
associations were significantly mediated by CMV IgG antibody level. Although not 
statistically significant, we also observed that lower income was associated with a decreased 
CD4:CD8 ratio. Taken together, these results suggest that individuals exposed to 
socioeconomic disadvantage may experience advanced immune aging compared to 
individuals exposed to less socioeconomic disadvantage, and that the observed income 
gradients in immune aging may be partially explained by immune response to CMV.
To the best of our knowledge, this is the first community-based study to examine the 
association between socioeconomic status and the distribution of T-cell phenotypes 
associated with aging. Our novel findings build upon existing evidence from prior studies 
that have linked psychosocial stressors such as socioeconomic status, immune biomarkers 
such as CMV IgG antibody levels, and other markers of biological aging such as leukocyte 
telomere length. For example, using data from a nationally representative sample of 9721 
adult participants in the US-based National Health and Nutrition Examination Survey 
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(NHANES), we found that less education and lower income were associated with higher 
levels of CMV IgG antibodies.(25) Indeed, these measures of socioeconomic status were 
even more predictive of CMV IgG antibody level than age.(25) Further evidence is provided 
from a recent study by Rector et al., which found consistent associations between multiple 
measures of psychosocial stress, including anxiety, depression, vital exhaustion, and lower 
subjective mental health, and CMV IgG antibody levels among a large occupational cohort 
in Germany.(34) The association between psychosocial stress and biological aging is also 
supported by prior studies that have linked psychosocial stressors with reduced leukocyte 
telomere length-a molecular marker of cellular aging.(27, 28, 51) For example, using data 
from NHANES, Needham et al. found that lower socioeconomic status as measured by 
education attainment, but not income, was significantly associated with reduced leukocyte 
telomere length.(27) Moreover, both CMV seropositivity and elevated IgG antibody levels 
have been associated with reduced telomerase activity.(52) While telomeres are key 
molecular markers for understanding cellular aging, assessment of the distribution of T-cell 
phenotypes provides novel information regarding the biologic integrity of the immune 
system. Further studies that incorporate phenotypic measures of T-cells along with measures 
of telomeres could provide a robust understanding of how exposure to stressors may 
influence the molecular mechanics and ultimately biological changes in the immune system.
Although far fewer studies have been conducted, evidence is also beginning to confirm the 
association between psychosocial stress and more specific biomarkers of 
immunosensescence as measured by the distribution of T-cell phenotypes comparable to 
those we assessed in our study. For example, Sommershof et al. examined the association 
between traumatic stress exposure and T-cell differentiation in a small case-control study 
conducted among 46 individuals living in Germany.(53) T-cell subpopulations were 
classified as naïve (CD45RA+ CCR7+), central memory (TCM: CD45RA− CCR7+) and 
effector memory (TEM: CD45RA− CCR7− and TEMRA: CD45RA+CCR7−) cells, and the 
authors found that a diagnosis of posttraumatic stress disorder (PTSD) was associated with a 
marked reduction in the proportion of naïve T-cells and an increase in the proportion of 
central (TCM) and effector (TEM) memory T-cells compared to non-PTSD individuals. 
Although not statistically significant, the authors also observed the same pattern for trauma 
exposed non-PTSD individuals, suggesting a dose-response in the severity of stressor 
exposure and immune deregulation.(53) We likewise observed robust results for the 
association between socioeconomic status and two of the T-cell measures we examined in 
this study, specifically the CD4 E:N ratio and the CD8 E:N ratio. Due to our limited sample 
size, we were unable to examine finer gradients of income level to test for a dose response 
relationship between annual household income level and these T-cell phenotypes. Given the 
robust associations we observed between dichotomous income level and the E:N ratios in a 
relatively small sample, future studies with finer assessments of income level in larger 
samples are warranted.
Although the effect was in the expected direction, we observed less robust and non-
significant results for the association between income level and the CD4:CD8 ratio. This 
may be due in part to the younger age range of our study participants, as over 80% were less 
than 60 years of age. Indeed, a prior study conducted among a population-based sample in 
Sweden found that the prevalence of individuals with an inverted CD4:CD8 ratio (i.e. 
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CD4:CD8 ratio <1) doubles from 8% among 20-59 year olds to 16% among 60-94 year olds 
(16). In our study, the median CD4:CD8 ratio was 2.18, with an interquartile range of 1.65–
2.75. Thus, it is likely that we lacked sufficient variation for this outcome in our sample due 
to the relatively younger age of participants. Given that an inverted CD4:CD8 ratio has been 
associated with increased mortality (54), future studies should continue to assess how 
psychosocial factors such as socioeconomic disadvantage affect this ratio as individuals age. 
However, alternative biomarkers should additionally be considered when assessing the 
impact of psychosocial stress on immune aging, especially in younger populations.
An important strength of our study is that our sample was drawn from a population-
representative sample with a high representation of African Americans and individuals with 
a range of socioeconomic status. However, our study was limited by a small sample size, 
which reduced precision of effect estimates and may have also limited our ability to detect 
statistical significance in some instances. Despite this, we observed several robust 
associations between income and the E:N ratio in both the CD4 and CD8 T-cell subsets 
suggesting that these markers are very sensitive to socioeconomic differentials and warrant 
further investigation in larger samples and other settings. Moreover, our specific goals were 
to estimate the association between socioeconomic disadvantage and the distribution of T-
cell phenotypes, and to assess the mediating role of CMV IgG antibody level. The 
contribution of other mediating pathways, such as those related to diet and exercise, should 
also be investigated in future studies. Our mediation analyses should be interpreted with 
caution given the cross-sectional nature of this study and it should be noted that we use the 
word “effect” as a proxy for “association” in order to be consistent with the language used in 
the literature on mediation analysis,(55) which seeks to distinguish between direct and 
indirect effects. However, data from NHANES showed that non-Hispanic blacks in the US 
are exposed to CMV by 16 years of age.(56) Therefore, it is likely that CMV infection 
preceded the T-cell outcomes, which were assessed in middle age. Nonetheless, future 
studies should consider testing for CMV specific IgM to definitively rule out new CMV 
infections.
Results from the present study should also be interpreted in light of the fact that individuals 
who consented to the venipuncture collection and were therefore eligible to be included in 
the analysis sub-sample were slightly more likely to have a lower annual household income 
level and education compared to the overall Wave 1 sample, which may have introduced 
some degree of selection bias. We attempted to minimize this bias by purposively sampling 
the T-cell sub-sample participants with a goal of creating a sample balanced on education. 
Indeed, there were no statistically significant differences in sociodemographic characteristics 
between the full Wave 1 sample and the sub-sample that was tested for markers of immune 
aging except for in the age distributions, with the sub-sample being slightly younger than the 
full sample (see Supplemental Table S3). The difference in the age distributions was likely 
due to the fact that we also purposively sampled with a goal of balancing on age in order to 
ensure adequate representation across a range of ages. The younger age of the sub-sample 
compared to the full sample may have also contributed to the subsample having a higher 
representation of individuals in the lowest income bracket compared to the full Wave 1 
sample (i.e., 31.6% with an income <$10K versus 20.5%), although overall the difference in 
income was not statistically significant (see Supplemental Table S3).
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The present study provides a first estimate of the association between socioeconomic status 
and key cellular markers implicated in immunosenescence in a community-based sample. 
Our results suggest that there are strong socioeconomic disparities in immunosenescence 
and that stress-related CMV reactivation could play an important role in this pathway. 
Importantly, if CMV is predictive of T-cell immunosenence and acts as a mediator of 
socioeconomic differentials in immunological aging, then interventions that focus on 
preventing CMV infection or reducing the adverse effects of stress on immune control of 
CMV may serve to ameliorate social disparities in immune aging. Moreover, CMV IgG 
antibody levels may provide a potentially important marker for use in social science studies 
that strive to understand how social determinants influence biology and cellular markers of 
aging. Indeed, CMV antibody levels have been assayed in several large population-based 
cohort studies and can readily be evaluated in blood spots at a much lower cost than T-cell 
phenotyping.(57) Given that immunosenescence is linked to an increase in infectious and 
non-infectious disease susceptibility as well as mortality, (8, 58, 59) further population level 
studies of the association between socioeconomic status and immunological markers of 
aging are urgently needed.
 Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Associations between each $10K decrease in annual household income and the 
distribution of T cell phenotypes among 79 participants in the Detroit Neighborhood Health 
Study
Abbreviations: CMV, cytomegalovirus; E:N ratio, ratio of end-stage non-proliferative 
effector cells (E; CCR7−CD45RA+CD27−CD28− or TEMRA) to naïve T-cells (N; 
CCR7+CD45RA+CD27+CD28+)
Triangles and corresponding bars indicate the β and 95% confidence intervals for a log unit 
increase in each outcome associated with a $10,000 decrease in annual household income.
*p value <0.10
**p value <0.05
Model 1: adjusted for age, sex and race.
Model 2: adjusted for age, sex, race, smoking status, medication use, and lifetime history of 
mental health conditions.
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Figure 2. Estimation of the direct and indirect effects of each $10,000 decrease in annual family 
income on the distribution of T-cell phenotypes among 79 participants in the Detroit 
Neighborhood Health Study
Abbreviations: CMV, cytomegalovirus; E:N ratio, ratio of end-stage non-proliferative 
effector cells (E; CCR7−CD45RA+CD27−CD28− or TEMRA) to naïve T-cells (N; 
CCR7+CD45RA+CD27+CD28+)
*p value <0.10
**p value <0.05
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Table 1
Sociodemographic and clinical characteristics of 79 participants in the Detroit Neighborhood Health Study.
Characteristic Overall Annual household income
<$35K
N=57
≥$35K
N=22
Age in years, median (IQR) 45 (35, 56) 44 (36, 54) 50 (35, 56)
Gender, N (%)
  Female 50 (63.3) 36 (63.2) 14 (63.6)
  Male 29 (36.7) 21 (36.8) 8 (36.4)
Race, N (%)
  Black 63 (79.7) 48 (84.2) 15 (68.2)
  Non-black 16 (20.2) 9 (15.8) 7 (31.8)
Education, N (%)
  ≤High school 38 (48.1) 32 (56.1) 6 (27.3)
  >High school 41 (51.9) 25 (43.9) 16 (72.7)
Annual Household Income, median (IQR) $20,000 ($10,000 – $42,500) -- --
Medication usea, N (%)
  Yes 32 (42.1) 24 (44.4) 8 (36.4)
  No 44 (57.9) 30 (55.6) 14 (63.6)
Lifetime history of mental health condition,b N (%)
  Yes 41 (51.9) 32 (56.1) 9 (40.9)
  No 38 (48.1) 25 (43.9) 13 (59.1)
Cigarette use in lifetime, N (%)
  Yes 48 (60.8) 40 (70.2) 8 (36.4)
  No 31 (39.2) 17 (29.8) 14 (63.6)
CMV serostatus, N (%)
  Seropositive 61 (77.2) 48 (84.2) 13 (59.1)
  Seronegative 18 (22.8) 9 (15.8) 9 (40.9)
CMV IgG antibody level, median (IQR) 3.64 (1.29, 6.57) 4.46 (2.33, 7.20) 2.31 (0.71, 4.37)
CD4 E:N ratio, median (IQR) 0.05 (0.00, 0.20) 0.07 (0.00, 0.21) 0.00 (0.00, 0.10)
CD8 E:N ratio, median (IQR) 1.25 (0.37, 3.72) 1.63 (0.48, 4.20) 0.52 (0.16, 1.81)
CD4:CD8 ratio, median (IQR) 2.18 (1.65, 2.75) 2.12 (1.61, 2.66) 2.38 (1.75, 3.14)
PBMC count (Millions of cells), median (IQR) 21 (18, 27) 22 (18, 28) 20 (17, 24)
Abbreviations: CMV, cytomegalovirus; E:N ratio, ratio of end-stage non-proliferative effector cells (E; CCR7−CD45RA+CD27−CD28− or 
TEMRA) to naïve T-cells (N; CCR7+CD45RA+CD27+CD28+)
a
Medications included antimicrobial agents, cardiovascular-renal drugs, central nervous system medications, metabolic and nutrient agents, 
hormones and agents affecting hormonal mechanisms, immunologic agents, oncolytics, and drugs used for relief of pain.
b
Mental health conditions included generalized anxiety disorder, major depressive disorder, and post-traumatic stress disorder.
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Table 2
Age adjusted associations between participant characteristics and the distribution of T-cell phenotypes among 
79 participants in the Detroit Neighborhood Health Study.
β (95% CI)
Log CD4 E:N Ratio Log CD8 E:N Ratio Log CD4:CD8 Ratio
Each 10-year increase in age 0.51 (0.08, 0.93)** 0.53 (0.29, 0.77)** −0.00 (−0.07, 0.06)
Gender
  Female −0.13 (−1.55, 1.28)
−0.91 (−1.69, −0.13)** 0.15 (−0.05, 0.36)
  Male REF REF REF
Race
  Black 1.02 (−0.62, 2.66) 0.23 (−0.71, 1.17) −0.10 (−0.35, 0.14)
  Non-black REF REF REF
Education
  ≤High school −0.16 (−1.48, 1.16) 0.31 (−0.44, 1.06) −0.00 (−0.20, 0.19)
  >High school REF REF REF
Each $10K decrease in annual household income 0.37 (0.08, 0.66)** 0.15 (−0.02, 0.32)* −0.03 (−0.07, 0.02)
Medication usea
  Yes −0.47 (−1.92, 0.98) −0.36 (−1.21, 0.49) 0.04 (−0.17, 0.25)
  No REF REF REF
Lifetime history of mental health conditionb
  Yes −0.17 (−1.50, 1.15) −0.18 (−0.93, 0.57) −0.05 (−0.24, 0.15)
  No REF REF REF
Cigarette use in lifetime
  Yes 0.69 (−0.66, 2.03) 0.29 (−0.48, 1.06) −0.08 (−0.28, 0.12)
  No REF REF REF
CMV serostatus
  Seropositive 3.80 (2.46, 5.14)** 1.15 (0.28, 2.02)** −0.13 (−0.36, 0.11)
  Seronegative REF REF REF
Each 1 unit increase in CMV IgG antibody level 0.49 (0.31, 0.67)** 0.18 (0.07, 0.29)** −0.01 (−0.04, 0.02)
Abbreviations: CMV, cytomegalovirus; E:N ratio, ratio of end-stage non-proliferative effector cells (E; CCR7−CD45RA+CD27−CD28− or 
TEMRA) to naïve T-cells (N; CCR7+CD45RA+CD27+CD28+)
*p value <0.10
**p value <0.05
a
Medications included antimicrobial agents, cardiovascular-renal drugs, central nervous system medications, metabolic and nutrient agents, 
hormones and agents affecting hormonal mechanisms, immunologic agents, oncolytics, and drugs used for relief of pain.
b
Mental health conditions included generalized anxiety disorder, major depressive disorder, and post-traumatic stress disorder.
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